We report on a new kind of correlated photon-pair source based on a waveguide integrated on a Periodically Poled Lithium Niobate substrate.
Indexing terms: PPLN, Parametric Down Conversion, Quantum Communication
We report on a new kind of correlated photon-pair source based on a waveguide integrated on a Periodically Poled Lithium Niobate substrate.
Using a pump laser of a few µW at 657 nm, we generate degenerate photonpairs at 1314 nm. Detecting about 1500 coincidences per second, we can infer a conversion rate of 10 -6 pairs per pump photon, which is four orders of magnitude higher than that obtained with previous bulk sources. These results are very promising for the realization of sources for quantum communication and quantum metrology experiments requiring a high signal-to-noise ratio or working with more than one photon-pair at a time.
Introduction: In the beginning of the 80's Alain Aspect [1] performed his famous tests of
Bell-inequalities to verify quantum non-locality [2], using a complicated two-photon source based on a double atomic cascade transition. Since then, more and more Bell-tests have been reported [3, 4, 5] , taking advantage of more efficient and handy sources exploiting spontaneous parametric down-conversion (PDC) in second order (χ (2) ) non-linear bulk crystals. Such sources have become an essential tool for fundamental quantum optical experiments (like teleportation [6, 7] or entanglement swapping) as well as for applied fields of research (like quantum key distribution (QKD) [3, 8, 9] or metrology [10, 11] Our first figure of merit is the ratio of coincidence rate (R C ) to pump power (P P ). As shown in table 1, our source features the same order of magnitude for the coincidence rate using 10 3 times less pump power than other sources reported lately [3, 5, 13, 14] .
Second, in order to get a figure of merit independent of the detection efficiencies and the pump power, we can calculate the conversion efficiency in terms of photon-pairs created per pump photon. For that, we have to estimate the photon-pair production rate N. The net single count rates S 1 and S 2 (without dark counts) are then given by:
where η i and µ i (i ∈ {1,2}) are the detection and the collection efficiency for each detector, respectively. Note that µ i include all kinds of losses for the twin photons. The net coincidence rate (without accidental coincidences) is:
Finally, by inserting the relations (1) and (2) into (3), we obtain:
In our case as well as in [5, 14] , N has to be divided by a factor 2 due to the 50% losses of coincidences at the directional coupler. For our new source, we can estimate a pair production rate of about 7.5 MHz corresponding to a conversion efficiency of about 2*10 -6 . To our knowledge, this is at least 4 orders of magnitude higher than any other source reported before.
Moreover, the PPLN waveguide is so efficient that the electronics used for coincidence counting are rapidly saturated. This is the reason why only very low pump power is used.
Note that our down-converted photons are produced in one single spatial mode. For certain applications it might be interesting to calculate the conversion efficiency normalized with respect to the spectral as well as to the spatial distribution of the fluorescence light. The latter is automatically ensured when coupling the down converted photons into singlemode optical fibers as done in our experiment as well as in [3, 5, 14] .
Conclusion:
We reported on the first utilization of a quasi phase matched PPLN waveguide for the generation of entangled photon pairs. For only 1 µW at 657 nm, we measured a pair production rate of around 7.5 MHz corresponding to a conversion rate of more than 2*10 Lett., 84 (20), pp. 4733-4736 (2000) 10 N. Gisin, J. Brendel, and H. Zbinden "Twin-photon technique for fiber measurements" Proceedings symposium on optical fiber measurements, NIST Boulder Colorado, pp. 35-40, september 1998 11 Alan Migdall "Correlated-Photon metrology without absolute standards" Physics Today, pp. 41-46, January 1999 Phys. Rev. Lett., 82, 7, pp. 1345 -1349 (1999 QPM-PPSF: Quasi Phase-Matched Periodically Poled Silica Fiber P P is the pump power. Note that for the PPLN waveguide and the PPSF, the pump power values are guided ones and estimated for the fundamental spatial mode. R C is the net coincidence rate; S i (i ∈ {1,2}) are the net single count rates. η is the conversion efficiency, i.e. the photon pair production rate per pump photon. Note that for ref.
[13], η is given including all the down-converted spatial modes. 
